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INTRODUCT ION

In order to waluate the physiclogical performance of protective garments and to
determine their temperature range of utility a predictive model can be applied, based
on man”s energy balance (1).As an input thismodel uses the resultant thermal and we-
ter wvapor resistance of the clothing worn. Consequently, the accuracy of the prediction
depends on the precision of these garment resistances. For their determination we have
developed an evaluation techmique using a movable thermal manikin ("Charlie™) and a
sweating hot plate (Skin Medel) (1, 2).

However, in a recent publication (3) the validity of out svaludtion method has
been doubted, argueing with water vapor resistance vales determined with a manikin
sweating by means of a cotton kait "skin" sprayed with water to simulate skin saturated
with swat. These values are abut 60%higter compared to the results of our evaluation
technique. In this paper results of wear trials with subjects with 2 garment ensemhles
are presented which are in good agreemenit with the physiological performance of the clo-
thing predicted by our evaluation model, proving its validity.

METHOD

The resultant thermal resistance R of the garment ensembls is directly measured
with the electrically beared sectional“manikin Charlie, distinguishing between a value
R (1) for the manikin standing and a value R (3) for tbe mankinmving which inclides
t paping effect (2). Frem these R —vaTues the thermal resistance R .., intrinsic to
the fabric combinations in the ensemble {measured separately with the dr§'7T Skin Model)
is subtracted, vyielding the effective thermal insulation RcL of the air layers within
the gamment ensemble and adtering to its outer surface (1).

By a basic physical relation out of R e equivalent weter vapor resistance R
of these air layers IS calculated. By ad%ng the intrinsic evaporative resistance gL
of the ensemble”s fabric combinations measured with the sweating skin Model the resuf—r-
tant water vapor resistances R_(1) and ®_(3) of the clothing are gained with the wearer
either standing or moving, respEctivaly,

The resultant R and R -values, thug determined, are used in a therméphysiclogi-
cal model (1, 2) pFedicting the ensemble's range of utility, limited by a minimm an
bient temperature T at which the wearer is just not feeling too cold, and a maximum
ambient tan;eramreafi" at which he is just not suffering from hyperthermia. Vice ver-
Sa, with a given clin3ta ‘and activity condition, as an indication for tte wearer”s phy-
siological strain, the model predicts his skin and rectal temperature, heart rate and
microclimate humidity as well as his subjective cemfort sensation.
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RESULTS

Two clothing ensembles (shorts and sports—shirt; jeans and shirt) have been tes—
ted in controlled wear trizls with 4 subjects in a climatic chanber performed undey
warm climate conditions near the ensembles” upper Limit of the range of utility with ne-
dimm and heavy physical activity. Sensors on the subjects” body registered relevant phy—
siological data out Of which the effective thermal and water vapor resistance of the
garments could be determined. Additicnally the test parsos” subjective comfort semsse—
tion was registered by dti— step scale votes.

ATl these data collected in the wear trials were in close agresment with the re—
sults Of ouT evaluation tectmique with the menildn "Charlie" ad the Skin Model as well

as of our predictive model zpplied. Examples are givem iNFigures L and 2. In contrast

the mablished data from the memikin sveating with a water—sprayed cotton skin (3) large
1y disagreed with the results from the wear trials.
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' CONCLUSIONS

The Echenstein measurenent and evaluation tectmique with the movable theymal mani-
kin "Charlie” and the sweating Skin Model yields the themmal ad water vapor resistance
of a garment ensenble as they are effective in use. With these clothing data applied in
a predictive model the physiological performance of protective gaxments and their weare—
bility W specific climate and activity conditions can be determined in good agresment
with practical resulits.
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